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February 17, 2015 
 

California Air Resources Board 
Katrina Sideco  
(916) 323-1082  
ksideco@arb.ca.gov 
 

Reference: Electricity Mix in CA GREET 
 

Dear Ms. Sideco, 
 

Life Cycle Associates would provide insight to the choice of electricity mix in CA_GREET. The 
choice of electricity mix affects the consumed power for fuel production facilities as well as 
exported power. Both input power and export power are treated symmetrically in the GREET 
model.  Exported power is treated as a co-product using the substitution method. 
 
The question of electricity mix is most important for fuel pathways using or exporting the most 
electricity. The pathways involving the most power and the amount of power used/exported are 
shown below. 
 
Hydrogen, water electrolysis                  + 50 kWh/kg H2 
Electricity                                                + 33 kWh/gasoline equivalent gallon 
Cellulosic ethanol with power export      - 3 kWh/gal ethanol 
Sugarcane ethanol with power export.   - 3 kWh/gal ethanol 
 
These pathways use/export the most power of any fuel pathway. The export power from cellulosic 
ethanol and sugarcane ethanol represent 13.4% of the output product, while the power is 100% 
and 150% of the input for the electricity and hydrogen pathways. In contrast, the 0.55 kWh/gal of 
corn ethanol represents only 2.4% of the energy in this pathway.  Consequently, understanding 
the environmental impact of the power in the above 4 pathways is of the highest priority.  
 
Purpose of LCA 
 
The objective of the LCA for the LCFS is to identify the impact of the change to the use of an 
alternative fuel on global emissions. ARB has embraced this objective in the analysis of indirect 
land use. The consequential impact of biofuel use reflects the net global impact of feedstock 
demand on the agricultural system. ARB calculates the marginal land use for each biofuel.   
 
Similarly, ARB  has embraced the marginal approach in the estimation of emissions from 
alternative fuels, specifically electric vehicles (Unnasch 2001) and hydrogen vehicles (Unnasch, 
2005). The analysis conducted as part of ARB fuel cycle studies and the California Hydrogen 
Highway Blueprint Plan concluded that the marginal resource for electric power corresponds to 
permanent and sustainable load growth. This concept has the following implications: 
 

 Average emissions are not an appropriate indicator of future emissions 

 Minute by minute dispatch does not predict permanent changes in resource mix 

 Nuclear power is always base loaded and never on the margin 

 Marginal power in California is best represented by a mix of new combined cycle natural 
gas power plants and non-fossil renewables that correspond to the Renewable Portfolio 
Standard Requirement. 

 
This approach for marginal emissions was applied to the California Energy Commission’s 
AB1007 Full Fuel Cycle Analysis (Unnasch, 2007), which resulted in the first GREET model used 
to represent California specific emission impacts. The inputs for this model provided that basis for 
CA_GREET 1.8b.   
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Marginal Resource Mix 
 
The choice of marginal resource mix has remained challenging. For example the Midwest mix 
used on CA_GREET 1.8b was based on a Midwest mix without nuclear power. Unfortunately, the 
changes in the power market with the grown in natural gas is more complicated. ARB has chosen 
to use and average resource mix for all regions in the US and globally.  This approach simplifies 
the selection of electric resource mix in that the method is well defined.  Unfortunately the 
average resource approach does not accurately reflect the impact on the environment for the 
fuels with the greatest electric power impacts. These include EV’s charged in California as well as 
cellulosic ethanol and sugarcane ethanol from Brazil. Since these fuel pathways use the most 
electric power, ARB should develop a marginal approach for these pathways. As more 
information is understood in other regions, a marginal resource mix could be applied as the 
analysis progresses. 
 
Table 1 shows the marginal resource mix for California and Brazil, which are the regions affected 
most by the power assumption. The prior CA_GREET1.8b assumption on marginal power is 
appropriate.  Alternatively, ARB could revise the marginal assumption to correspond to the 
prevailing RPS requirement.  Similarly, the Brazilian marginal mix can be calculated from the 
annual resource mix in Table 2.  Clearly fossil fuels are growing on the margin and hydroelectric 
and nuclear power do not correspond to resource growth.  
 
Table 1.  Marginal resource mix for fuel pathways involving the most electric power. 
 

Region: CA Marginal Brazil Marginal 

Residual oil 0.0% 19.7% 

Natural gas 78.7% 61.1% 

Coal 0.0% 13.1% 

Nuclear 0.0% 0.0% 

Biomass 0.0% 0.0% 

Other (renewables) 21.3% 6% 

 
In the Brazilian situation, bagasse power is derived from the sugarcane ethanol plants, so this power that is 
being produced by the plant should not be treated as the power that is displaced by the ethanol plant.   
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Table 2.  Generation Resources in Brazil 
 

Type Source 2009 2010 2011 2012 2013 
2013 part. 

% (per 
source) 

2013 part. 
% (per 
type) 

Hydro Hydro 390.988 403.290 428.333 415.342 390.992 68,6 68,6 

Fossil  Natural gas 13.332 36.476 25.095 46.760 69.003 12,1 18,6 

  Petroleum 12.724 14.216 12.239 16.214 22.090 3,9   

  Coal 5.429 6.992 6.485 8.422 14.801 2,6   

Biomass 
Bagasse, 
wood and 
others 21.851 31.209 31.633 34.662 39.679 7,0 7,0 

Nuclear Uranium 12.957 14.523 15.659 16.038 14.640 2,6 2,6 

Wind Wind 1.238 2.177 2.705 5.050 6.576 1,2 1,2 

Others 
Recoveries, 
secondary 
gases 7.640 6.916 9.609 10.010 12.244 2,1 2,1 

Total   466.158 515.799 531.758 552.498 570.025 100,0 100,0 
  

The choice of average power for California does not accurately affect the criteria pollutant 
impacts.  Criteria pollutants shown in the Appendix include many generation resources that are 
not on the margin, providing the incorrect impression that EV and hydrogen vehicle emissions are 
higher than they actually are.    
 
Therefore, the most appropriate resource mix for Brazil and California would be marginal 
resources defined in here.  
 
Best Regards, 
 
 
 
 
 
 
Stefan Unnasch     
Managing Director      
Life Cycle Associates, LLC       
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Appendix 
 
 
GHG Intensity for CA Average Mix 

  Stationary Use: CAMX Mix 

  Total Urban 

 CA_GREET2_CA_MX Feedstock Fuel Feedstock Fuel 

Total energy 143,163 1,923,707     
Fossil fuels 139,731 1,392,232     
Coal 1,590 220,376     
Natural gas 123,396 1,127,998     
Petroleum 14,745 43,858     

VOC 14.125 4.299 0.803 1.999 
CO 40.182 72.748 3.632 23.402 
NOx 54.401 102.557 4.561 25.927 
PM10 2.860 12.759 0.058 1.074 
PM2.5 1.134 10.152 0.050 0.997 
SOx 16.294 100.468 0.486 2.076 
CH4 268.344 9.666     
N2O 1.642 1.336     
CO2 9,119 94,221     
CO2 (w/ C in VOC & CO) 9,226 94,349     
GHGs 16,424 94,988     

gCO2e/MJ 15.57 90.03 
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GHG Intensity for CA Marginal Mix 

 

  
 CA_GREET2.0_CA_Marginal 

Stationary Use: California Marginal Mix 

Total Urban 

  Feedstock Fuel Feedstock Fuel 

Total energy 175,155 1,852,733     

Fossil fuels 174,260 1,624,926     

Coal 3 0     

Natural gas 167,446 1,624,925     

Petroleum 6,810 0     

VOC 17.054 1.556 0.988 0.669 

CO 53.437 29.558 4.788 12.710 

NOx 66.803 35.326 5.702 15.190 

PM10 0.786 0.277 0.022 0.119 

PM2.5 0.725 0.277 0.020 0.119 

SOx 19.143 0.991 0.264 0.426 

CH4 330.951 5.158     

N2O 2.320 0.194     

CO2 11,003 97,479     

CO2 (w/ C in VOC & CO) 11,140 97,530     

GHGs 20,106 97,717     

 
19.06 92.62 
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